ABSTRACT FOOT experiments were conducted using chicks to evaluate the protein quality of four com gluten feed (CGF) samples (CGF1 through 4). In addition, a 48-h excreta-collection assay was conducted using cecectomized (CEC) and conventional (CONV) cockerels to determine amino acid digestibility and TMEQ. The protein efficiency and net protein ratios, estimated from feeding chicks a N-free diet or diets containing 9% CP supplied solely by CGF, were significantly higher for CGF3 (2.9 and 3.3, respectively) relative to the other three CGF diets (x=2.2 and 2.7, respectively). The order of amino acid limitation in CGF was determined with a 14% CP, semipurified diet supplemented with various combinations of essential amino acids. The results indicated that Trp and Lys were equally first-limiting in CGF protein, with Arg being the third-limiting amino acid. Lysine bioavailability, determined by a chick growth assay, was 83, 63, 87, and 57% for CGF1 through 4, respectively. The values did not differ significantly among CGF sources, but the Lys bioavailability values for CGF2 and 4 were significantly lower man that for crystalline L-Lys-HCl (100%). Tryptophan bioavailability in one CGF from two chick growth assays averaged 68%.
INTRODUCTION
The production of corn gluten feed (CGF), a coproduct of the wet milling industry, has been steadily increasing during die last several years (Jones, 1987) . This increase has resulted primarily from the strong demand for high fructose syrup as a nutritive sweetener (Corn Refiners Association, 1982) . Corn gluten feed is a mixture of bran, oil-extracted germ, and residual gluten and starch derived from the wet-milling separation steps.
With the increase in CGF production, interest has developed on its potential as a feedstuff for livestock. The use of CGF in poultry diets has been minimal. This lack of use is probably due to die paucity of research information available (Castanon, 1988) , its perceived low ME content [1.944 kcal per g of 'Supported by the Com Refiners Association, Washington, DC and Commodity Credit Corporation, USD A, Washington, DC. ^To whom correspondence should be addressed: 322 Mumford Hall, 1301 West Gregory Dr., Urbana, IL 61801. DM; National Research Council (NRQ, 1984] , and the unknown quality of its protein.
Moreover, the few previous studies with CGF have yielded variable results, particularly with respect to ME. For CGF, Matterson et al. (1965) reported an MEn value of 1.589 kcal per g of DM for chicks. Bayley et al. (1971) determined the ME,, of one sample of commercial CGF and found that it supplied 2.067 kcal per g of DM for chicks but 2.311 kcal per g of DM for adult male turkeys. Sibbald (1986) reported mat die TMEn values for 12 samples of CGF ranged from 1.912 to 2.772 kcal per g of DM. The latter investigator also reported mat the digestibility of Lys and Met in CGF samples ranged from 66 to 81% and from 79 to 89%, respectively.
Due to the increased production and potential of CGF as a feedstuff for poultry, me present study was undertaken to critically evaluate CGF as a source of dietary protein and energy for chickens. Protein quality, order of amino acid (AA) limitation, Lys and Trp bioavailability, and AA digestibility and TME,, determinations wim both conventional (CONV) and cecectomized (CEC) cockerels were the factors investigated.
MATERIALS AND METHODS
Approximately 100 lb of CGF were obtained from four of the largest domestic producers 3 of CGF and randomly assigned a number. The samples were stored at 4 C until they were used in experiments. Crude protein, ether extract, and DM were determined by CONV procedures (Association of Official Analytical Chemists, 1980) . Amino acid analyses were performed by ion-exchange chromatography (Spademan et al., 1958) following hydrolysis in 67V HC1 for 24 h at 110 C, and partial neutralization (Spitz, 1973) . The Met and Cys levels were determined following performic acid oxidation by the method of Moore (1963) except that the excess performic acid was removed by lyophilization after dilution with water. The Trp level was determined by ion-exchange chromatography following alkaline hydrolysis with NaOH (Sato et al, 1984) or LiOH (Whitacre, 1987) .
Five experiments were conducted to evaluate the nutritional quality of CGF for chicks. Male chicks, obtained from a cross of New Hampshire males and Columbian Plymouth Rock females, were used in Experiments 1 through 4. The chicks were fed a 24% CP corn-soybean meal pretest diet for the first 7 days posthatching, after which 3 pens of 5 chicks each were assigned to treatments as described by Sasse and Baker (1974) . All chicks were housed in an environmentally controlled room in heated, thermostatically controlled starter batteries with raised wire floors. Feed and water were provided for ad libitum consumption and light was provided throughout the course of all trials. Experimental diets were fed from 8 to 17 days posthatching. Weight gain and feed intake by each group of chicks were recorded at the end of the experimental period.
The protein quality of the four CGF was assessed in Experiment 1. The five dietary treatments consisted of a N-free diet containing 59.78% cornstarch, 29.45% dextrose, 5% com oil, and vitamin and mineral supplements (see protein quality Assay II; Willis and Baker, 1980) ; and four diets containing 9% CP provided solely by a CGF which replaced part of the cornstarch. The protein efficiency ratio (PER; grams of gain per grams of protein intake) and net protein ratio (NPR) were calculated for each CGF. The NPR was calculated as: (the weight gain of chicks fed the test diet minus the weight gain of chicks fed the N-free diet) divided by amount of protein consumed.
Experiment 2 was conducted to determine the order of AA limitation in CGF for chicks. Nine dietary treatments were designed using the analyzed concentrations of AA in CGFl and the AA requirements for chicks (NRC, 1984) . A 14% CP, semipurified diet containing 69% CGFl as the sole source of dietary protein was used as a control (Table 1) . Various combinations of L-Trp (.17%), LLysHCl (1.01%), L-ArgHCl (.97%), L-Ile (.38%), and DL-Met (.21%) were added to the control diet to meet or slightly exceed the NRC (1984) requirement. All AA additions were made at the expense of cornstarch.
The lysine bioavailability of the four CGF samples was determined by a slope-ratio, chick-growth assay (Finney, 1978) in Experiment 3. A semipurified basal diet containing 38.1% ground yellow com, 22.8% com gluten meal, 7.3% dehulled soybean meal, vitamins, minerals, and cornstarch (Izquierdo et al., 1987) was used as a control. The basal diet contained .55% L-Lys by calculation. A standard growth curve was constructed by supplementing the basal diet with .1 and .2% L-Lys. Each CGF was added at 9 and 18% by replacing cornstarch to provide an amount of Lys that would fall within the boundaries of the standard curve. All diets containing CGF were formulated to be isocaloric to the control diet (3,400 kcal of MEQ per g) by replacing additional corn starch with corn oil.
Experiment 4 was a Trp-bioavailability, slope-ratio, chick assay in which a standard growth curve was constructed using a purified basal diet. This diet was identical to that described by Baker et al. (1979) except that it contained only .06% Trp and 15.62% arenaceous flour (powdered Si02) in place of an equal quantity of cornstarch. The basal diet was supplemented with .015 and .030% L-Trp or 10, 20, and 30% CGF1. Two additional dietary treatments consisted of supplementing the basal diet with a combination of .0075% LTrp and 7.5% CGF or .015% L-Trp and 15% CGF to determine Trp bioavailability when using lower CGF levels. All diets were formulated to be isocaloric by adding CGF in place of part of the arenaceous flour and cornstarch.
The amino acid digestibility and TMEj, of the four CGF were determined in Experiment 5 by the procedure of Sibbald (1979) with some modifications as described below. A group of Single Comb White Leghorn cockerels was CEC by the procedure of Parsons (1985a) , and an additional group of CONV cockerels received a sham operation within a similar time period. Twenty CONV and 20 CEC cockerels, approximately 55 wk of age, were fasted for 24 h. Four CEC and four CONV roosters were then crop-intubated wim 30 g of a CGF, and an additional four CEC and four CONV cockerels were fasted throughout the trial to measure endogenous AA and energy excretion. Excreta were collected quantitatively for 48 h postfeeding, freeze-dried, weighed, and ground to pass through a 40-mesh screen. Amino acid analyses of excreta were performed as described previously. Gross energy was determined with a Parr bomb calorimeter. 4 The true digestibility of AA was calculated by the method of Parsons (1986) and the TME,, was calculated by the method of Parsons et al. (1982) .
Data from all chick experiments were subjected to ANOVA, appropriate for completely randomized designs (Steel and Torrie, 1980) . When treatment means were compared in Experiments 1 and 2, Fisher's leastsignificant difference test was used. Multiple regression analysis of weight gain on the amount of supplemental crystalline test-AA or CGF-AA consumed was used to calculate bioavailability in the chick assays by sloperatio methodology (Finney, 1978 ). Student's t test was used to compare digestibility coefficients in the true digestibility assay (Experiment 5).
RESULTS AND DISCUSSION
The analyzed nutrient composition of the four CGF samples along with the published values of the NRC (1984) are presented in Table 2 . The protein levels of the four CGF were consistently lower than the NRC values, and the ether extract values were quite variable. Concentrations of Lys and Trp were generally higher than the NRC (1984) values among samples. The CGF3 sample had the highest ether extract and Trp levels and the second highest Lys level, suggesting that it may have contained more germ than the other CGF samples. This variability may be expected from a coproduct that consists of different parts of the kernel which vary in nutritional content. Most other AA values were in general agreement with NRC (1984) values except for Val. The NRC (1984) recommended value of .05% Val appears to be a typographical error, and the correct value is probably 1.05%.
The determination of the Trp content of CGF, using alkaline hydrolysis with NaOH (Sato et al, 1984) , yielded values of .13, .14, .15, and .10% for CGF1 through 4, respectively. These results were similar to those obtained from alkaline hydrolysis with LiOH (Table 2 ; Whitacre, 1987) .
The PER and NPR values of CGF ranged from 2.2 to 2.9 and from 2.7 to 3.3, respectively (Table 3 ). All performance parameters were significantly greater for chicks fed CGF3 than for those fed the other three CGF diets. The superior protein quality in CGF3 may be attributed to its relatively high concentration of Trp. The PER and NPR values of CGF1,2, and 4 agree well with those (Table 4 ). The antagonistic effect of Lys on Arg metabolism is well documented and is believed to be primarily due to an increased activity of kidney arginase (Harper et al, 1970) . In contrast, the effect of dietary Arg on Lys metabolism is not well documented and has been thought to be relatively small (Scott et al, 1976) . The present results clearly show that Arg markedly antagonized Lys utilization in chicks maintained under the conditions of this study. The mechanism of the antagonism may be related to competition for a common dibasic AA transport system at the intestinal or renal level (Harper et al, 1970) .
In the Lys-bioavailability chick assay, weight gain and the gain to feed ratio responded linearly (P<.0001) to supplemental crystalline Lys and CGF (Table 5) , and multiple regression analysis of gain on supplemental Lys intake yielded bioavailabilities (x ± SE) of 83.0 ± 10.1, 63.4 ± 9.8, 86.8 ± 9.3, and 57.4 ± 10.0% for CGF1 through 4, respectively, compared to crystalline L-Lys. However, it appeared that the response to CGF-supplementation may have been curvilinear since the growth response to the first increment of 
'Willis and Baker (1980).
CGF1 to 3 exceeded that obtained from the second increment. In contrast, the reverse occurred for CGF4. Lysine intakes from all CGF levels were well within the linear portion of the growth curve as shown by Treatments 1 to 3 (Table 5 ). Calculation of the multiple regression omitting Treatment 1, as suggested by Finney (1978) to remove the blanks effect, had little or no effect on the regression coefficients. Consequently, the deviation from perfect linearity was probably due to normal assay variation. The variation can be substantial when evaluating an ingredient which is low in energy and very deficient in the test AA, necessitating that a high level be supplemented. The results of the chick assay indicated that Lys availability did not differ significantly among CGF sources, but the availability of Lys in CGF2 and 4 was lower (P<.05) than that of crystalline L-Lys HC1 (100%). These observations are supported by an additional slope-ratio, chick assay using a purified AA diet which yielded Lys availability values of 108, 64, 99, and 73% for CGF1 through 4, respectively (Castanon, 1988) .
Growth performance of chicks fed a Trpdeficient diet in Experiment 4 responded linearly (P<.0001) to supplemental Trp in the Values are the x ± SE calculated by the slope-ratio procedure. The multiple regression of gain (g) on supplemental Lys intake (mg) from different sources was: gain=42.1 + .1421 (±.0086, SE) Lys + .1180 (±.0167) CGFl + .0944 (±.0153) CGF2 + .1234 (±.0149) CGF3 + .0816 (±.0157) CGF4; R 2 = .92.
form of crystalline Trp or CGFl (Table 6 ). Multiple regression of weight gain on supplemental Trp intake yielded bioavailabilities (x ± SE) of 71.0 ± 5.9% for CGFl when fed alone and 64.7 ± 11.4% when fed in combination with supplemental, crystalline Trp (Treatments 7 and 8). These values are in agreement with the Trp bioavailability value of 67% for CGFl as determined by Castanon (1988) using a slope-ratio, chick assay in which total dietary CP was varied in conjunction with the severity of the Trp deficiency. Digestibility of AA and TMEQ, determined by excreta-collection assay using CEC and CONV cockerels, is shown in Table 7 . Digestibility values were generally lower for CGF2 than for the other three CGF samples when determinations were made with CEC cockerels but not CONV cockerels. The low Lys digestibility value obtained for CGF2 64.7 ± 11.4
Values are the x of 3 replicate pens of 5 chicks each from 8 to 17 days posthatching; the average initial weight was 83.7 g.
•Values are the x ± SE calculated by the slope-ratio procedure. The multiple regression of gain (g) on supplemental Trp intake (mg) was: gain = 21.2 +1.0102 (±.0677, SE) Trp + .7170 (±.0644) CGF + .8081 (±.0663) LOW-CGF; R 2 = .93. The Trp bioavailability in CGF from the LOW-CGF diets was calculated by difference. In 10 CGF samples fed to CONV cockerels, Sibbald (1986) reported that the digestibility of Met, Cys, and Lys ranged from 78 to 89%, 54 to 77%, and 66 to 81%, respectively. The corresponding ranges obtained in the present study using CONV birds were 84 to 89%, 72 to 78%, and 72 to 75%, respectively. These values indicate that the AA digestibility among various CGF samples was more consistent than that found by Sibbald (1986) .
Bioavailability values determined by growth assay are frequently lower than digestibility values determined from balance assays (Parsons, 1985b; Hirakawa and Baker, 1986 ). The results reported herein indicate that the digestibility of Trp in CGF1 was approximately 79%, whereas chick bioavailability was approximately 67%. Digestibility of Lys in CGF4 was also significantly (P<05) higher than chick bioavailability. However, chick bioavailability values for Lys in CGF1 and 3 were numerically higher than Lys digestibility values. Thus, no consistent relationship between digestibility and bioavailability values was observed in the present study.
The CONV cockerels yielded higher TMEn values than did CEC cockerels for all four CGF, however, these differences were significant (P<.05) only for CGF2 (Table 7) . Kessler and Thomas (1981) and Parsons (1986) reported that TMEn values of soybean meal and meat meal, respectively, were lower for CEC than for CONV cockerels. Thus, as discussed by Parsons (1986) , cecectomy may have reduced the ability of the cockerels to utilize die energy in CGF.
The TME,, values varied among the CGF samples, with the highest CONV bird value being 3.179 kcal per g of DM for CGF1 and die other tiiree CGF having similar TME" of about 2.770 kcal per g of DM (Table 7) . Although CGF3 contained the highest fat level (Table 2) In conclusion, this study indicates that AA availability and TMEn mav vary among commercial CGF samples. The CGF produced in the U.S. may have a higher caloric value than previously reported.
